Procaine amide azide, a derivative of the local anesthetic procaine amide, was prepared and its interactions with acetylcholine receptor-rich membrane fragments from Torpedo californica electroplax were studied. Procaine amide azide was radiolabeled by a method that may be of general use for the preparation of other radioactive tertiary amines. When low concentrations of 3H-labeled procaine amide azide were photolyzed in the presence of receptor-rich membrane preparations, a simple pattern of incorrated radioactivity was seen after electrophoresis on sodium dodecyl sulfate/polyacrylamide gels. Only two major labeled bands were seen, corresponding to apparent M, of about 43,000 and 90,000. When the length of the gels was increased, the labeled band of lower Mr was resolved into two labeled proteins, one major and one minor, with apparent M, of 43,000 and 40,000, respectively. The radioactivity incorporated into the protein of M, 40,000 could be attributed to interaction of [3H]procaine amide azide with cho-
apparent M, of 43 ,000 and 40,000, respectively. The radioactivity incorporated into the protein of M, 40 ,000 could be attributed to interaction of [3H] procaine amide azide with cholinergic ligand-binding sites, whereas labeling of the polypeptide of M, 43 ,000 appears to represent interaction of the photolabile derivative with another class of sites. The labeling component of 90,000 Mr could be removed by preparation of membrane fragments in iodoacetamide-containing buffer and therefore appeared unrelated to the acetylcholine receptor. Membrane fragments with high concentrations of nicotinic acetylcholine receptor (AcChoR) have been isolated from the electric tissue of several electric rays (1-3) and the electric eel Electrophorus (4) . The in vitro characterization of these systems has focused largely on the ligand-binding properties of the AcChoR recognition site. These ligands may be classified as (i) acetylcholine (AcCho) and compounds of similar pharmacological action (agonists), (ii) compounds that inhibit depolarization (antagonists; e.g., d-tubocurare), and (iii) a-bungarotoxin (a-BuTx) and related snake neurotoxins that specifically and irreversibly block AcCho response in vivo (5, 6 ) by binding to the AcChoR. The effects in vivo of several compounds whose primary site of interaction is distinct from the AcCho recognition site suggest that they may be useful probes for the membrane component or components related to ion translocation. One such compound is the alkaloid histrionicotoxin (HTX), first isolated by Daly et al. (7) . In vitro studies have shown that membrane fragments from Torpedo californica bind 3H-labeled H12-HTX in a specific manner with a Kd of 0.3-0.5 ,M and a stoichiometry of 1 HTX site to 4 a-BuTx sites (8) in addition to a large nonspecific binding component. Caeruleotoxin was considered as another candidate for a specific probe of the "ionic conductance modulator" (9) . However, postsynaptic inhibition by this polypeptide has been attributed to its phospholipase activity (10) . Local anesthetics comprise another class of potentially useful compounds for study of mechanisms related to ion channel function.
At the neuromuscular junction, local anesthetics alter the normal time course of end-plate currents induced by AcCho; whereas normal end-plate currents decay with a single exponential time course, the decay becomes multiphasic in the presence of procaine and other local anesthetics (11) (12) (13) (14) (15) (19, 20) and by extrinsic fluorescent probes (21) (22) (23) . In the studies reported here, we prepared an azido analog of the local anesthetic procaine amide (I); namely, procaine amide azide (PAA) (II). This compound was chosen over the procaine derivative (24) because the amide bond is less susceptible to hydrolysis than is procaine's ester linkage. We have previously shown that the membranes contain polypeptides of Mr 40,000, 50,000, 60,000, and 65,000 (2, 3) in addition to other major species of Mr ;43,000 and 90,000 (25) . Photolysis of [3H]II in the presence of AcChoR-rich membrane fragments was coupled with sodium dodecyl sulfate (NaDodSO4)/polyacrylamide gel electrophoresis to demonstrate which polypeptides of the membrane fragment preparation were involved in local anesthetic binding. 
MATERIALS AND METHODS
Preparation of AcChoR Membrane. Fragments. T. californica were obtained locally. After they were killed, the electric organs were excised, frozen in liquid nitrogen, and then stored at -90'C until use. AcChoR-enriched membrane fragments were prepared as described (2, 3) or by a modification of these methods. In the latter case, centrifugation on a discontinuous sucrose gradient in a Beckman VTi-50 reorienting tube rotor replaced the zonal centrifugation step. In this way the gradient centrifugation time was reduced from overnight to about 1 hr. Specific activities were comparable to those obtained by zonal centrifugation (unpublished data). When Abbreviations: AcCho, acetylcholine; AcChoR, acetylcholine receptor; a-BuTx, a-bungarotoxin; PAA, procaine amide azide; Carb, carbamylcholine; HTX, histrionicotoxin; NaDodSO4, sodium dodecyl sulfate.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. membrane fragments were treated with iodoacetamide, it was added during homogenization to a concentration of 1 mg/ml of homogenate. The buffer in subsequent steps of the purification did not contain iodoacetamide. The concentration of a-BuTx binding sites was measured by the method of Schmidt and Raftery (26) ; protein was measured by the method of Lowry et al. (27) .
Synthesis and Characterization of PAA. Unlabeled PAA was synthesized from procaine amide-hydrochloride (Pfaltz and Bauer, Inc., Stamford, CT) by preparation of the corresponding diazonium salt followed by its reaction with sodium azide. The identity of the product was confirmed by elemental analysis. Calculated for C13H2ON5ClO: C, 52.4; H, 6.77; N, 23.5; Cl, 11.9 . Found: C, 52.6; H, 6.8 (29) . In the dequaternization step, there was a 2/3rd probability that a radioactive ethyl group would not be removed.
The expected specific activity of the final product was therefore 2/3rd that of the ethyl tosylate or 62.4 Ci/mol. After purification on a silica gel column, the concentration of the [3H]PAA stock solution was calculated from its absorbance at 270 nm, with unlabeled PAA as standard. The specific activity was determined by liquid scintillation counting of aliquots of the stock solution and found to be 54 Ci/mol ± -10%, in agreement with the predicted value.
constant stirring) by using a UVSL-25 lamp (Ultraviolet Products, San Gabriel, CA) on the short-wavelength setting. The membranes were centrifuged for 15 (Fig. 2A) . Titration of membrane fragments with PAA by using the fluorescent probe ethidium (Fig. 2B) showed the same qualitative effects as seen with the local anesthetic procaine (22) . When the data were corrected for nonspecific (i.e., not displaceable by a-BuTx) effects, a fluorescence increase was observed in the micromolar range, whereas addition of millimolar concentrations of PAA caused a decrease in the signal (Fig. 2B) .
Since there was evidence for PAA binding to some site with an affinity higher than that measured by 125I-labeled a-BuTx inhibition (i.e., the fluorescence enhancement, Fig. 2B ) and since local anesthetics have been reported to increase the rate of the Carb-induced transition in receptor affinity at concentrations below those that directly inhibit a-BuTx binding (20, 32) , the effects of PAA on the rate of this process were examined. Up to concentrations of 50 ,uM PAA, the rate of the transition of the receptor from low to high affinity caused by 1 (Fig. 3B) . The decrease in the intensity of the Coomassie Blue staining was less dramatic. Two possibilities could explain the changed labeling pattern in iodoacetamidetreated membrane fragments: (i) the component of Mr 90,000 labeled by PAA was lost during the purification process, presumably because artifactual disulfide bonds could not form or (ii) iodoacetamide altered the binding properties of the membrane fragments for PAA and this change was reflected in the labeling of the Mr 90,000 band. Because this band was labeled when membranes were treated with iodoacetamide after preparation (not shown), the second possibility could be ruled out. In accord with the conclusion that iodoacetamide treatment did not perturb the interactions of PAA with membrane fragments, the ethidium fluorescence signal, when membranes were titrated with PAA, was unchanged. Both the increased fluorescence at low concentrations and the decrease in signal at higher ones were observed.
When membranes were run on gels 20 cm long, the separation between the 40,000 and 43,000 Mr bands was increased. As Fig. 4 shows, both bands were labeled, with the majority of the radioactivity in the higher Mr (42, 43) and the in vitro affinity change (refs. 20 and 32; unpublished data). In vivo, local anesthetics also interfere with the mechanism of ion translocation (11) (12) (13) (14) (15) (16) (17) (18) . (Fig. 4) . Because (20, 32) , detergents (32, 45) , caeruleotoxin (9, 10) , and, in some tissues (46) but not others (8) , HTX 
